Proverbs {#s1}
========

"When a person gets old, their legs get old first"---Chinese Proverb

"Slow and steady wins the race"---Aesop\'s "The Tortoise and the Hare"

1. Demographics/Epidemiology {#s2}
============================

The United States Population is aging. According to current projections, people 65 years of age and older will represent over 20% of the population by 2060 (an increase from about 14% currently). It is anticipated that those 85 years of age and older will more than triple by that time.[@b1] Life expectancy has also been steadily increasing, and is estimated to nearly reach 80 years by 2015.[@b2]

Age is a potent risk factor for virtually all forms of cardiovascular disease, especially coronary artery disease, hypertension, heart failure and stroke, underlying a prevalence that rises dramatically with age. The prevalence of these disorders rises from 12.8% in men and 10.1% in women in people 20--39 years old to 83% in men and 8.1% in women in those 80 years old and older.[@b3]

2. Age related physiologic changes to the cardiovascular system {#s3}
===============================================================

There are multiple age related changes that occur in the cardiovascular system. These do not inevitably lead to disease states, but do reduce the reserve that older persons have. [Table 1](#jgc-12-01-044-t01){ref-type="table"} lists several changes as well as diseases states the changes may predispose older adults to (i.e., reduced cardiovascular reserve).

Notably, age related changes occur throughout the body, and in virtually all organ systems.

3. Frailty {#s4}
==========

3.1. What is frailty? {#s4a}
---------------------

Frailty has been defined as a state of late life decline and vulnerability, typified by physical weakness and decreased physiologic reserve.[@b4] Multiple domains are affected, including neuromuscular, metabolic, immune, mobility, strength, endurance, nutrition and cognitive, resulting in increased vulnerability.[@b5]--[@b8] While there is more work to be done, there is a growing understanding of the underlying pathophysiology of frailty. Abnormalities including endocrine and immune dysfunction feature prominently in current theories. Chronic low-grade systemic inflammation and abnormalities in the endocrine system such as low testosterone and insulin resistance have been noted.[@b9]--[@b12] A common final pathway of sarcopenia, a decline in skeletal muscle resulting from excessive breakdown with insufficient muscle building, has also been suggested.[@b10],[@b13] It has been noted that some abnormalities are similar to those found in some cancers and in rheumatoid arthritis ([Figure 1](#jgc-12-01-044-g001){ref-type="fig"}).[@b14] The presence of frailty has been associated with a number of adverse outcomes including an increased risk of falls, institutionalization, disability, health care resource use as well as mortality.[@b15]--[@b18]

###### Age-associated changes and cardiovascular disease in the cardiovascular system.[@b114]

  Age associated changes                                   Organ                          Cardiovascular disease
  ----------------------------------------------- ----------------------- ------------------------------------------------------
  Increased intimal thickness                           Vasculature                       Systolic hypertension
  Arterial stiffening                                                                    Coronary artery stenosis
  Increased pulse pressure                                                              Peripheral artery stenosis
  Increased pulse wave velocity                                                          Carotid artery stenosis
  Early central wave reflections                                          
  Decreased endothelium-mediated vasodilatation                           
  Increased left atrial size                               Atria                           Atrial fibrillation
  Atrial premature complexes                                              
  Decreased maximal heart rate                          Sinus node             Sinus node dysfunction, sick sinus syndrome
  Decreased heart rate variability                                        
  Increased conduction time                        Atrioventricular node                Second, third-degree block
  Sclerosis, calcification                                Valves                         Stenosis, regurgitation
  Increased left ventricular wall tension               Ventricles                     Left ventricular hypertrophy
  Prolonged myocardial contraction                                        
  Prolonged early diastolic filling rate                                   Heart failure (with or without systolic dysfunction)
  Decreased maximal cardiac output                                        
  Right bundle branch block                                               
  Ventricular premature complexes                                                 Ventricular tachycardia, fibrillation

3.2. Frailty, comorbidity, disability {#s4b}
-------------------------------------

Although there is some degree of overlap, frailty is not synonymous with old age, disability or co-morbidity. Frailty usually precedes disability which results from longstanding frailty and medical co-morbidities. Disability \[defined as difficulty performing activities of daily living (ADLs) and instrumental activities of daily living (IADLs)\] may result from a specific event that befalls a frail person (e.g., pneumonia resulting in dyspnea and O~2~ dependence) or something that affects a previously non-frail person (e.g., previously healthy skier falls, suffering a broken leg which leads to disability). The International Academy on Nutrition and Frailty Task Force endorses separating the three domains.[@b19] ([Figure 2](#jgc-12-01-044-g002){ref-type="fig"}).

![Pathophysiology of frailty.\
Proposed pathway for frailty from genetics to environment to clinical phenotype. Reproduced with permission, John Wiley and Sons.[@b4]](jgc-12-01-044-g001){#jgc-12-01-044-g001}

![Frailty, co-morbidity and disability.\
Distinct domains with some overlap. ADL: activities of daily living (basic self-care tasks); IADL: instrumental ADL (household management tasks). Reproduced with permission, Elsevier.[@b115]](jgc-12-01-044-g002){#jgc-12-01-044-g002}

3.3. Frailty---indices/measures {#s4c}
-------------------------------

More than 20 indices or measures of frailty have been developed.[@b20] The Cardiovascular Health Study (CHS) index (also called the Fried Index) is a widely used tool that requires a subject have at least three of the following to be considered frail: weight loss ≥ 5% of their body weight in the last year, exhaustion (effort required for activities), weakness (as measured by grip strength) slow walking speed (\> 6--7 s per 15 ft), decreased physical activity (kilocalories/week: M \< 383, F \< 270). Subjects meeting one or two criteria are considered "pre-frail," and those with none are considered "robust." [@b5]

The Rockwood frailty index utilizes 70 variables, where higher scores mean a subject is more frail. The included items range from medical conditions to functional decline.[@b21] The Study of Osteoporotic Fractures Index includes an assessment of weight loss of 5% in last year, an inability to rise from a chair 5 times without using ones arms, and a "no" answer to the question "Do you feel full of energy?"[@b22] There are many other measures/scales/tools.

3.4. Frailty---epidemiology {#s4d}
---------------------------

The prevalence and incidence of frailty depends on the population studied and on the measure used to define frailty. The prevalence in 15 studies (44,894) was 9.9%, and in eight studies, when psycho-social factors were included in the assessment, the prevalence was 13.6%.[@b23] Using the CHS criteria, in the CHS study population (5317 men and women ≥ 65 years), frailty was present in 7%, 44% were pre-frail and, 46% were robust.[@b5] In the Women\'s Health and Aging study, 11.3% were frail.[@b24]

In the Women\'s Health Initiative Observational Study of 40,000 women who were aged 65--70 years at study entry, utilizing the CHS criteria, 16.3% were classified as frail, 28.3% were pre-frail and incident frailty at three years was 14.8%. Those who became frail were: older, less-educated, smokers and hormone replacement therapy users.[@b25] In a study of 6000 US men ≥ 65 years of age, 4% were frail as defined by modified CHS criteria (skeletal mass was substituted for weight loss). Forty percent were defined as pre-frail and 56% robust.[@b26] Frailty was more common in African Americans and Asians followed by Caucasians and Hispanics. Frail persons were older, more often single, and less-educated. 1.6% met frailty criteria in the 65--69 year age group and 11.1% in those \> 80 years. With regard to incident frailty, at an average of 4.6 years of follow-up, 54.4% who were robust at baseline remained so, 25.3% became pre-frail and 1.6% became frail.

3.5. Frailty and outcomes {#s4e}
-------------------------

Frailty has been associated with an increased risk for mortality and morbidity. Utilizing the CHS criteria, in a longitudinal study of 754 independently living and non-disabled subjects ≥ 70 years of age who were followed for 6 years, frailty was associated with disability, long-term skilled nursing facility residence, and death.[@b27] In surgical patients, it independently predicted post-operation complications, hospital length of stay, and discharges to skilled nursing or assisted living facilities.[@b28] It has been shown that frail patients are less likely to mount adequate immune response to flu vaccine,[@b29] to have worse outcomes after renal transplantation,[@b28] and to be at greater risk for hip fractures, disability, and hospitalization, even after adjustment for co-morbidities.[@b25]

3.6. Frailty---interventions {#s4f}
----------------------------

It is believed that one of the most effective ways to improve the status of frail patients is exercise. Exercise has been shown to increase mobility and balance, decrease falls, improve ADL performance and bone mineral density.[@b30]--[@b32] Resistance training, only twice per week has revealed benefits.[@b33] Walking as little as a mile per week reduced functional limitations in one study.[@b34] Other interventions that have been proposed include hormone replacement (e.g., testosterone), and dietary supplements (e.g., vitamin D) as well as more comprehensive outpatient programs.[@b35],[@b36]

Outpatient programs that have the potential to benefit frail elderly have focused on utilizing comprehensive geriatric assessment (CGA). CGA utilizes an interdisciplinary team of medical providers, nurses, social workers, pharmacists and physical and occupational therapists with the goal to improve physical and psychosocial functioning, reduce disability, institutionalization, mortality and to increase quality of life.[@b37] Program for all-inclusive care of the elderly (PACE) programs are a medicare program which takes over patient\'s primary care and provides the components of CGA outlined above.[@b38] They have been shown to be effective and cost-favorable.[@b39]

In addition to the illness that necessitates inpatient treatment, hospitalization itself presents challenges to frail elderly, which includes a change in environment, new medications, and immobility. Frail hospitalized patients are at 7 times the risk of developing disability within one month of discharge versus non-frail patients (35% *vs*. 7%).[@b40] Interventions include acute care of the elderly (ACE) units which provide a more home-like environment, patient-centered care focusing on preventing disability and comprehensive discharge planning. In a randomized control trial of 1531 patients, ACE unit admission decreased ADL decline and skilled nursing facility placement at discharge and at one year, without increasing length of stay or cost.[@b41]

As older adults progress from robust to increasingly frail to end-stage frailty, possible interventions range from exercise, to comprehensive geriatric assessment to ACE units and PACE programs, and finally to hospice and end of life care.[@b42]

3.7. Frailty and cardiovascular disease {#s4g}
---------------------------------------

There are multiple commonalities in frailty and cardiovascular disease, and chronic low-level inflammation may represent a common pathophysiologic basis for both conditions.[@b11],[@b43]--[@b45] Proposed instigators of the inflammation common to patients with frailty and those with cardiovascular disease are lifelong antigen exposure, angiotensin 1R activation, obesity, insulin resistance, and imbalance in redox.[@b45],[@b46] Markers of inflammation such as activation of neutrophils and monocytes, elevations in high sensitivity C-reactive protein (CRP), interleukin (IL-6) and thrombotic markers, including factor VIII and D-dimers are found in frail patients and in those with cardiovascular disease.[@b9],[@b47]--[@b52]

Inflammation appears to contribute to the two conditions via distinct pathways. In cardiovascular disease, inflammation can lead to oxidation of lipoproteins and atherosclerotic plaque activation.[@b53] In frail patients it is thought that inflammation can cause a catabolic neurohormonal state, taking amio acids from muscle, impairing stress response and repair.[@b54]--[@b57] Insulin resistance is common in patients with both conditions. In addition to its relationship to chronic inflammation, insulin resistance can lead to impaired muscle protein breakdown, limiting available amino acids for repair. Vitamin D deficiency appears to affect both as well and other commonalities include anemia, elevated leukocytes and high fibrinogen.[@b44],[@b58],[@b59] Cardiovascular disease and frailty share many common features and suggest a common biological pathway and also appear to facilitate each other, leading to adverse outcomes (cardiac and noncardiac) which can result in disability, institutionalization and mortality.[@b60]

3.8. Frailty and cardiovascular disease---epidemiology {#s4h}
------------------------------------------------------

Several studies have revealed a cross-sectional association between frailty and prevalent cardiovascular disease in the community. These have included populations from 450 to over 4700 subjects (Cardiovascular Health Study,[@b61] Zutphen Elderly Men\'s Study,[@b7] Women\'s Health and Aging Studies,[@b59] Beaver Dam Eye Study[@b62]), with odds ratios (OR) ranging from 1.41--4.1, ([Table 2](#jgc-12-01-044-t02){ref-type="table"}, [Figure 3](#jgc-12-01-044-g003){ref-type="fig"}). In the Women\'s Health Initiative Observational Study of 40,657 subjects who were ≥ 65 years old and either had a diagnosis of cardiovascular disease or its risk factors were at higher risk of developing incident frailty.[@b25] Those with a diagnosis of coronary heart disease or stroke had the highest risk (OR: 1.47--1.71). In the French 3 City Study & Health ABC Study, frail older adults were at higher risk of developing incident cardiovascular disease events such as heart failure and mortality.[@b63]--[@b65] It has been estimated that the prevalence of frailty prevalence in the cardiovascular disease population ranges from 25%--60%.[@b58],[@b66],[@b67]

###### Studies revealing an association between cardiovascular disease and frailty.[@b67]

  Study                                                      Variable
  ------------------------------------------- --------------------------------------
  Zutphen Elderly Men\'s Study (1999)[@b7]     Prevalent frailty in elders with CVD
  OR 4.1 (95%CI: 1.8--9.3)                    
  CHS (2001)[@b61]                                 OR 2.79 (95%CI: 2.12--3.67)
  Beaver Dam Eye Study (2005)[@b62]                OR 2.67 (95%CI: 1.33--5.41)
  WHI-OS (2005)[@b25]                              OR 3.36 (95%CI: 3.09--3.66)
  WHAS I and II (2005)[@b59]                        OR 2.72 (95%CI: 1.72--4.30
  Incident frailty in elderly with CVD        
  WHI-OS (2005)[@b25]                              OR 1.47 (95%CI: 1.25--1.73)
  Incident CVD in frail elders                
  HABC Study (2006)[@b64]                          HR 1.61 (95%CI: 1.05--2.45)
  Mortality in frail elders with severe CVD   
  Cacciatore *et al*. (2005)[@b116]                HR 1.62 (95%CI: 1.08--2.45)
  Purser *et al* (2006)[@b66]                       OR 4.0 (95%CI: 1.1--13.8)

CVD: cardiovascular disease.

![Cardiovascular disease and frailty.\
Prevalence of cardiovascular disease stratified by frailty status in major studies. Depicted studies used the Fried criteria (3 of 5 = frail; 1 or 2 of 5 = pre-frail). CAD: coronary artery disease. Reproduced with permission, Elsevier.[@b67]](jgc-12-01-044-g003){#jgc-12-01-044-g003}

3.9. Gait speed---is that the ticket? {#s4i}
-------------------------------------

Indcies of frailty can be cumbersome, and as described above, scales with as many as 70 items have been used. These are unlikely to be used in clinical practice. Most have been modifications of or are similar to the Cardiovascular Health Study (CHS) criteria and have in common elements of slowness, weakness, and inactivity. Gait speed, like other measures of frailty, has been associated with elevated levels of CRP, IL-6 and tumor necrosis factor-α.[@b48] Many have found that slow gait speed (SGS) is most predictive of frailty and adverse outcomes, outperforming other more complex measures.[@b60],[@b66],[@b68] Gait speed has good inter-rater and retest reliability.[@b69] In fact, one professional organization has recommended its use as the measure of frailty in a task force statement.[@b19] The procedure for measuring gait speed is described in [Table 3](#jgc-12-01-044-t03){ref-type="table"}.

3.10. Gait speed and survival {#s4j}
-----------------------------

The relationship between gait speed and survival was analyzed in a landmark meta-analysis of 9 studies (1986--2000) involving 34,485 community dwelling adults 65 years of age or older followed for from 6 to 21 years.[@b70] The subjects mean age was 73.5 years, 59.6% were women, and 79.8% were Caucasian. Their mean gait speed was 0.92 m/s. In all studies, gait speed was associated with survival (pooled HR per 0.1 m/s: 0.88, 95%CI: 0.87--0.90, *P* \< 0.001). Survival increased across the range of gait speed, with significant increments per 0.1 m/s. At age 75, predicted 10 year survival across the range of gait speeds ranged from 19%--87% in men and 35%--91% in women.

###### Protocol for the 5-m gait speed test.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------
  \*In an unobstructed area, position the patient with his/her feet behind, but just touching the 0 m start line
  Instruct the subject to "walk at your comfortable pace" until a few steps past the 5 m mark (he/she should not start to slow down before reaching that mark)
  Begin each trial on the word "Go"
  Start the timer with the first footfall after the 0 m line
  Stop the timer with the first footfall after the 5 m line
  Allow sufficient time for recuperation between trials
  Repeat three times and record the average
  ^\#^Frailty is defined as an average time taken to walk the 5-meter course ≥ 6 s.
  --------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Walking aids such as canes and walkers may be used if needed; ^\#^Depending on the source, time cutoffs for frailty have varied between 5.0--7.7 s (0.65--1 m/s).

Predicted survival based on age, sex, and gait speed was as accurate as that based on age, sex, use of mobility aids, and self-reported function, or age, sex, chronic conditions, smoking history, blood pressure, body mass index, and hospitalization.

Gait speed has also been associated with cardiovascular mortality specifically. For example, in the French 3 City Study, slow gait speed was associated with a threefold increase in cardiovascular mortality in 5 years (OR: 3.00, 95%CI: 1.65--5.57, *n* = 3208) but no difference in death from cancer or other causes.[@b63] Frailty in heart failure patients predicts mortality, as well as emergency department visits (92% increase) and hospitalizations (30%--65% increase).[@b71],[@b72]

3.11. Frailty in cardiology {#s4k}
---------------------------

Frailty is marked by impaired resistance to stressors, and cardiovascular events such as acute coronary syndromes, arrhythmias, and cardiac surgery (among others) are significant threats to maintaining homeostasis. For example, in a study of 309 elderly patients admitted to a cardiology service with severe coronary artery disease, slow gait speed as a surrogate for frailty was the strongest predictor of mortality at 6 months (OR: 3.8, 95%CI: 1.1--13.1).[@b66] In patients who had a recent ST segment elevation myocardial infarction (STEMI), adding reduced gait speed as a measure of frailty was independently associated with increased cardiovascular events (non-fatal myocardial infarction, ischemic stroke).[@b73] Frailty can help predict adverse events post PCI in stable coronary disease.[@b74] Frailty also increases the risk of incident heart failure,[@b65] and frail heart failure patients have increased mortality, hospitalizations and decreased quality of life.[@b75] Frailty has also been associated with subclinical cardiovascular disease such as prehypertension, left ventricular hypertrophy, and elevated carotid intima-media thickness.[@b61],[@b76]

3.12. Cardiac surgery in elderly {#s4l}
--------------------------------

Older adults comprise approximately half of cardiac surgery patients, but suffer nearly 80% of the major complications and deaths following surgery.[@b77] Post-operative complications increase cost, reduce quality of life and affect long-term mortality. However, many elderly do well with cardiac surgery, benefit from enhanced survival and quality of life. Predicting which patients will do well and which may be at elevated risk for complications is difficult. Our current methods of mortality and morbidity estimation in cardiac surgery patients may not be ideal.

3.13. Frailty and pre-existing cardiac surgery risk scores {#s4m}
----------------------------------------------------------

As noted, several risk models have been developed to predict operative risk and help guide patient selection as they are evaluated for cardiac surgery. Examples of risk scores include the ambler risk model, the Age, Creatinine, Ejection Fraction (ACEF) score,[@b78] and the Parsonnet score.[@b79] Perhaps the most commonly used scores are versions of the Society of Thoracic Surgeons (STS) score[@b77] and EuroSCORE.[@b80] These scores/models generally utilize demographic information, chronic and acute medical conditions, as well as information about the intended procedure. These models have been used extensively, but have their limitations. The predictions are derived from a population of patients at one point in time and then applied to patients who undergo the procedures subsequently, when surgical, anesthetic, and perioperative medical practice has changed, and thus need to be continually updated. Applying the models to a particular patient can be challenging. For example, certain combinations of procedures may not be addressed by certain models, and characteristics of the population that the measures were initially validated/developed on may not apply to the patient of interest. Several important factors are not addressed by current risk scores, including severe calcific atherosclerotic disease of the aorta, mitral annular calcification, pulmonary hypertension, nutritional status and frailty.

The STS score was based on 774,881 surgical procedures that took place between 2002 and 2006, and the registry includes data from nearly 90% of the cardiac surgery providers in the US. It provides an estimate of risk of mortality and major morbidity (stroke, renal failure, prolonged ventilation, deep sternal wound infection, and all cause re-operation). It addresses, isolated coronary artery bypass grafting (CABG), valve or combined CABG and valve surgeries.[@b77],[@b81],[@b82]

The EuroSCORE was developed using data from 1995 for estimating risk of in-hospital mortality.[@b80] It has been supplanted by the 2011 EuroSCORE II model based on data from 22,381 patients in 43 countries who had cardiac surgery in the summer of 2010.[@b83]

The ability of any of these scoring systems to accurately predict outcomes varies significantly. In particular, the original EuroSCORE has been noted to overestimate operative risk in robust elderly and underestimate it in frail ones with similar co-morbidities.[@b84]--[@b87] In other evaluations, the STS score has both over and under-estimated early post-operative mortality, and their predictive ability for long-term mortality has varied as well.[@b88],[@b89]

Although these scoring systems provide a place to start, as noted, they do not take important factors into account. Specifically, adverse events are not simply a result of manifest co-morbid diagnoses, but may come from an accumulation of subclinical impairments which may manifest as frailty. In addition, most scores were designed to predict mortality, not morbidity, and perform less well in this domain.[@b90],[@b91] Importantly, the so-called "eye test" for frailty often fails. It has been shown that chronologic age and low body mass index drive the "eye test," whereas frail patients often actually have a high body mass index and excess central adiposity.[@b11],[@b92] Frailty, rigorously defined, has been proposed as a factor that can aid in predicting outcomes, and possibly aid in selecting treatments.

3.14. Frailty and cardiac surgery {#s4n}
---------------------------------

Several studies have shown that frailty can predict mortality and morbidity after cardiac surgery. Using various frailty definitions and populations from 208--3826 patients, frailty was shown to predict: mortality (in-hospital and mid-term), prolonged institutional care, and the combined endpoint of death, myocardial infarction (MI), or stroke.[@b93]--[@b95] A study using the CHS scale and impairments in IADL and other factors in the Heart Center Leipzig cohort showed that frailty was associated with higher post-operative mortality.[@b95] Impairments in mobility and ADLs predicted post-operative mortality in the Maritime Heart Center Cardiac Surgery Registry.[@b94]

The frailty ABC\'s Study was a multicenter prospective cohort of 131 patients, ≥ 70 years of age who underwent CABG and/or valve replacement/repair via standard sternotomy (2008--2009).[@b96] A gait speed cutoff of 0.833 m/s (≥ 6 s needed to walk 5 m) was used to define slow gait speed based on analysis of receiver operator curves. Surgeons were blinded as to gait speed. The primary endpoint was mortality or major morbidity utilizing STS all cause death and major morbidity (stroke, renal failure, prolonged ventilation, deep sternal wound infection, and all cause re-operation).

Subjects in the study had a mean age of 75.8 ± 4.4 years, with 23% being ≥ 80 years. Thirty four percent were women and 46% had slow gait speed. Those with slow gait speed were more likely to be female (43% *vs*. 25%, *P* = 0.03), shorter (1.65 m *vs*. 1.69 m, *P* = 0.01), diabetic (50% *vs*. 28%, *P* = 0.01), and have more with one disability in IADL (48% *vs*. 18%, *P* \< 0.0001).

In a model, slow gait speed and Society of Thoracic Surgeons (STS) score both independently predicted the primary endpoint (OR: 3.05, 95%CI: 1.23--7.54), although model performance improved when gait speed was added. For a given STS predicted mortality or major morbidity (listed above), the predicted risk based on the model was 2--3 times greater in patients with slow gait speed *vs*. normal. ([Figure 4](#jgc-12-01-044-g004){ref-type="fig"}). Notably, there was no correlation between gait speed and STS score ([Figure 5](#jgc-12-01-044-g005){ref-type="fig"}). The dual risk factors of slow gait speed (≥ 6 s to walk 5 m) and high STS score (≥ 15% predicted mortality or major morbidity) identified patients at the highest risk. Among those with dual risk factors, 43% experienced major morbidity or mortality compared with only 5.9% of those without either risk factor. Subjects with high STS risk but normal gait speed and those with low STS risk but slow gait speed had intermediate probability of major morbidity or mortality (18.9% and 21.7%, respectively).[@b96]

Thus, this study showed that 5 m gait speed incrementally predicted mortality and major morbidity, finding that slow gait speed was associated with a 2--3 fold increase in risk. Model performance improved when gait speed was added. In addition, slow gait speed also predicted discharge to a health care facility. An intriguing finding was that women and aortic valve replacement patients with slow gait speed may have been at particularly high risk.

![Predicted probability of mortality or major morbidity according to Gait Speed and the Society of Thoracic Surgeons (STS) risk score.\
Slow gait speed (solid circles) conferred a 2- to 3-fold increase risk for any given level of STS predicted mortality or major morbidity compared with normal gait speed (open circles). The adjusted odds ratio for mortality or major morbidity was 3.05 (95%CI: 1.23--7.54). Reproduced with permission, Elsevier.[@b96]](jgc-12-01-044-g004){#jgc-12-01-044-g004}

![Lack of correlation between Gait Speed and the Society of Thoracic Surgeons (STS) risk Score, reflecting distinct domains.\
Lack of correlation between gait speed and STS score (*R* = 0.14, *P* = 0.13), showing that gait speed represents a distinct domain. In addition, there was no correlation between gait speed and age or left ventricular ejection fraction. Reproduced with permission, Elsevier.[@b96]](jgc-12-01-044-g005){#jgc-12-01-044-g005}

3.15. Frailty and cardiac surgery study (FCSS) follow-up study {#s4o}
--------------------------------------------------------------

While the FCSS added an assessment of frailty to traditional cardiac surgery risk scores which focus on co-morbid conditions, the researchers hypothesized that the addition of disability to these other domains might further enhance patients risk stratification for morbidity and mortality. Thus after the recruitment of an additional 21 more subjects, an analysis that included an evaluation of four commonly used frailty scales,[@b97] three commonly used disability scales and five cardiac surgery risk scores was performed. These are shown in [Table 4](#jgc-12-01-044-t04){ref-type="table"}.

Inclusion, exclusion criteria and study sites were unchanged, and basic subject characteristics were quite similar. With regard to the measures added in this study, the proportion of patients with any ADL disability was 5%, 32% for any IADL, and 76% for any Nagi disability.

In this analysis, gait speed was better than the other frailty scales (it was the only statistically significant measure) at predicting postoperative mortality or major morbidity, which is in keeping with prior studies.[@b27],[@b66],[@b68] Slow gait speed was associated with an increased OR of mortality or major morbidity of 2.63, 95%CI: 1.17--5.90), and had better predictive capacity compared to the other scales (AUC = 0.64, AIC = 154.1).

###### Frailty, disability and cardiac surgery risk scores used in the FCSS follow-up study.[@b97]

  -------------------------------------------------------------------------------------------------
  Frailty scales
   5-m gait speed
   CHS frailty scale[@b5]
   Expanded CHS frailty scale[@b27],[@b117]
   MacArthur study of successful aging sub-dimensions[@b118]
  Disability scales
   Nagi scale [@b119]
   Katz activities of daily living [@b120]
   Older americans research and services instrumental activities of daily living [@b121]
  Cardiac surgery risk scores
   Revised Parsonnet score [@b79]
   Society of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) [@b77]
   Society of Thoracic Surgeons Predicted Risk of Mortality or Major Morbidity (STS-PROMM) [@b77]
   Logistic EuroSCORE [@b80]
   Age-Creatinine-Ejection Fraction (ACEF) score [@b78]
  -------------------------------------------------------------------------------------------------

The Nagi scale outperformed the ADL and IADL scales, likely because patients who are unable to dress themselves or independently use a telephone are usually not referred for surgery. The Nagi scale contains impairments that are more prevalent in this population, such as difficulty climbing a flight of stairs. Only Nagi disability showed a statistically significant increase in risk (28% per impairment) (OR: 1.28, 95%CI: 1.06--1.54), and "fair" predictive ability (AUC = 0.65, AIC = 1.61.2), suggesting it may be a more clinically useful tool in this setting.

Of the five cardiac surgery risk scores, all were significant predictors of mortality or major morbidity, except the ACEF score. There was a trend suggesting that the Parsonnet (AUC = 0.72, AIC = 155.3) and the Society of Thoracic Surgeonse Predicted Risk of Mortality or Major Morbidity (STS-PROMM) score (AUC = 0.68, AIC = 166.5) scores had the best predictive ability. Of note, STS-PROMM was specifically designed to predict both mortality and major morbidity, while the others were designed to predict mortality, and these do not predict morbidity very well.[@b98],[@b99]

When combinations of scales were evaluated, a multivariable model combining one scale from each domain: 5 meter gait speed, Parsonnet and Nagi gave the greatest AUC (0.76 *vs*. 0.72 with Parsonet alone), suggesting this might be the optimal strategy for predicting the primary outcome. For a given level of risk adjusted for STS-PROMM and Parsonnet, 5 m gait speed ≥ 6 s and ≥ 3 Nagi impairments were incremental predictors of mortality or major morbidity.

Sensitivity analyses suggested that model performance was stable when sociodemographic and operative covariates were added, and interestingly, there was an apparent interaction between frailty and disability such that frailty (by gait speed) was most predictive when disability was not present (OR: 1.39 *vs*. 3.13, without disability), supporting the concept that frailty\'s effect is lessened when patients have progressed to disability on the proposed continuum.

In summary, both frailty and disability were complementary and additive to existing risk scores in predicting mortality or morbidity in elderly patients undergoing cardiac surgery. Specifically, a 5 m gait speed of at least six seconds (two times increased risk) and three or more Nagi scale impairments were each predictive of an increased risk of in hospital morbidity and mortality over that predicted by standard surgical risk scores.

3.16. Frailty and transcatheter aortic valve implantation (TAVI) {#s4p}
----------------------------------------------------------------

Frailty is common in patients with symptomatic severe aortic stenosis and TAVI was developed as a possible intervention for patients who were not candidates for surgical aortic valve replacement (AVR) due to concerns about their ability to tolerate and/or recover from the procedure due to comorbidities, and general health status. Frailty by the CHS (Fried) Scale was found in one-third of TAVI patients, in one study,[@b100] and was the strongest predictor of death, MI, stroke or heart failure at nine months. One single center study in TAVI patients showed that frail patients had higher one year mortality at one year and a trend towards more complications (including major bleeding, vascular complications and length of stay),[@b101] and another study showed increased functional decline at six months and major cardiac and cerebral events at one year.[@b102],[@b103]

3.17. Frailty and decision-making {#s4q}
---------------------------------

Adding a frailty measure, in particular, gait speed, to traditional risk assessment tools and disability (e.g., Nagi) may provide better estimate of risk to patients prior to cardiac surgery or other procedures. It may help steer patients toward TAVI and other less invasive techniques (an approach that has yet to be proven) or identify patients who are at low risk for traditional surgical AVR.[@b104] It has already been shown that frail patients receive less aggressive care than non-frail ones, including less often being referred for intensive care unit admission, CABG, cardiac catheterization and are less often prescribed angiotensin converting enzyme inhibitors and beta-blockers.[@b66],[@b75],[@b105] Frailty assessment may also identify patients who might benefit from pre-, peri-, post-operation interventions.[@b104] Such interventions might include comprehensive geriatric assessment, intensive monitoring, early mobilization, and planned discharges to rehabilitation facilities. As noted, gait speed as a measure of frailty has many advantages over more complex evaluative tools, in that it appears to be simple, fast, reproducible, and inexpensive.

4. Frailty---the future {#s5}
=======================

Future research in the area of frailty should include further delineating the underlying molecular pathophysiology of frailty and its relationship to cardiovascular disease.[@b106]--[@b108] With regard to measurement, understanding which measures are best used in which populations and clinical situations and validating cut-offs for diagnosis of frailty including slow gait speed (recognizing that frailty is a continuous condition), and integrating frailty and gait speed into existing models of risk and testing interventions.[@b104] In addition, understanding the relationship between frailty, disability and co-morbidity and their relevance in different conditions and populations is of importance. There are already ongoing studies evaluating frailty assessment measures in AVR, other cardiac surgery patients, and in patients with acute MI (CoreValve,[@b109] Frailty-AVR,[@b110] Partner II,[@b111] Silver AMI,[@b112],[@b113]).

5. Frailty---summary {#s6}
====================

Frailty is a common syndrome of late life vulnerability based on subclinical impairments in multiple organ systems. It shares both epidemiologic and pathophysiologic features with cardiovascular disease, principally inflammation. Frailty is associated with adverse outcomes. While there are multiple methods to measure or characterize it, gait speed may be the best measure of frailty. Gait speed is a powerful predictor of mortality, and when added to standard risk scores can help predict outcomes in cardiac surgery patients. Thus, frailty as assessed by gait speed may help direct patient evaluation and direct cardiovascular disease therapy, and may itself be a target for therapy. It seems that the Chinese proverb noted at the beginning of this review may be more accurate than Aesop\'s.
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